A CHEMICAL AND PATHOLOGIC STUDY OF THE EFFECTS OF COPPER ON THE LIVER by Flinn, Frederick B. & VonGlahn, William C.
A  CHEMICAL  AND  PATHOLOGIC  STUDY  OF THE  EFFECTS 
OF  COPPER  ON  THE  LIVER. 
BY  FREDERICK B.  FLINN, ProD.,  AND  WILLIAM C.  VoNGLAHN, M.D. 
(From the Departments of Industrial Hygiene and Pathology, College of Pkysician~ 
and Surgeons, Columbia University, New York.) 
PLATE 1. 
(Received for publication, August 11, 1928.) 
For many years the question of the toxic effects of copper ingested 
over long periods has been the subject of investigation.  Many of the 
original reportsof the earlier investigators, unfortunately, could not be 
obtained by us and it was only from citations  from the later authors 
that  any idea of their  conclusions could  be had.  The  results  were 
often found to be conflicting. 
Filehne  (1895) (1)  testing the  effect of  cupratin, made by heating sodium al- 
buminate with copper sulfate, found that large doses given to cats and dogs pro- 
duced vomiting, but no pathologic alterations in  the liver could be discovered. 
Neither did an anemia develop.  About 98 per cent of the copper was eliminated 
in  the  feces.  His  conclusion  was  that  food containing  copper combined with 
albumin was harmless.  In later experiments using copper stearate, he (2) found 
that pigment was deposited in the portal areas of the rabbit's liver while the paren- 
chymal cells contained fat globules.  Metallic copper and copper tartrate did not 
produce any ill effects. 
Brandl (3) investigating the subject a little later reached a similar conclusion. 
In 1918 Huber (4) studied the effect of the copper salts of amino acids.  These 
compounds were given to guinea pigs by various methods--subcutaneously, intra- 
muscularly and by mouth.  In the chronically poisoned animals the results were 
entirely negative. 
Mallory, Parker and Nye (5) studying the relation between experimental pig- 
ment cirrhosis  and hemachromatosis found pigment deposited in the liver of the 
rabbit, rat, guinea pig and monkey in chronic copper poisoning.  Copper acetate, 
copper chloride  and cuprohemol were  given to the  animals.  The pigment was 
deposited more rapidly in the liver of the rabbit and rat than in the guinea pig. 
In the rabbit the deposition took place in the liver, especially in those cells near 
the portal areas in a short time, and in the endothelial cells lining the sinusoids. 
Many of the liver cells became necrotic and were invaded by polymorphonuclear 
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leucocytes.  Pigment granules were taken up by the endothelial phagocytes which 
then collected in large numbers in the lymph vessels and between the fibroblasts 
in the portal areas.  Occasionally pigment was found also in the fibroblasts but 
never caused necrosis of these cells.  The pigment deposited in the liver did not 
give the reaction for iron and was identified as hemofuscin.  No evidence of blood 
destruction was found.  In a  monkey, dying after copper poisoning  of 5  months 
duration, pigment was present in the liver cells.  About half of the  pigment gave 
the reaction for iron.  Another monkey was still alive at the end  of  15  months. 
It had been given smaller doses of copper. 
The first increase in connective tissue occurred near the  portal  vessels.  Here 
the liver cells containing more pigment than elsewhere underwent necrosis,  allow- 
ing the stroma to coalesce forming foci of sclerosis.  The earliest definite  cirrhosis 
in the rabbit occurred at the end of 5½ months.  Stasis of bile was found.  A sec- 
ond case came at theend of 6½ months.  This was accompanied by jaundice.  A 
third rabbit died from cirrhosis after 11½ months.  Individual variations in the 
response to the poisonous effects of copper were found among the rabbits, even 
those of the same litter. 
One of their conclusions was that "chronic poisoning with the salts of copper 
produced in the livers of rabbits in 6 months to a  year a  series of  changes  com- 
parable in many ways with those found in the liver in a  chronic disease in  man 
known as hemachromatosis." 
In a later publication Mallory (6) states that  sheep are  extremely sensitive to 
copper poisoning and are killed by doses no larger than those effective with rabbits. 
He also found  delicate hemofuscin  granules  in  the  liver cells in  the  periportal 
region of a rabbit dying within 36 hours after two intravenous injections of copper 
powder.  The" animal was first given 50 mg. in a gelatin suspension and 24 hours 
later 100 mg.  When copper is injected intratracheally into a  rabbit, necrosis of 
the  lung  is produced with  an  acute inflammatory reaction.  After  10  days the 
liver cells contained considerable hemofuscin; some was present also in the endo- 
thelial cells of the sinusoids and to a slight extent in the fibroblasts. 
Drummond  (7)  investigating the  deleterious  effects  of  vegetables  artificially 
colored with copper obtained only negative results.  His experiments were carried 
out on rats and were continued for 3 months. 
The most recent studies of the relation between pigment cirrhosis and copper 
poisoning are those of Hall and Butt  (8).  Rabbits, sheep and rats were given 
copper acetate in various ways.  Their results confirmed the findings of Mallory 
and his coworkers.  They believe a  direct relation exists between the amount of 
copper contained in the liver and the quantity of pigment deposited, and that the 
pigment--hemofuscin--contalns iron in masked form. 
The Copper Content of Human and Animal Livers. 
During  the  course  of  the  experiments  recorded  below,  numerous 
human  and animal livers were analyzed to determine the normal cop- FREDERICK  B.  FLINN  AND  WILLIAM  C.  VONGLAHN  7 
per  content.  The  analyses  were  carried  out  by  the  following 
method: 
The material was  carefully ashed at low  temperature  in an  electric oven and 
completely dissolved in concentrated nitric acid,  then evaporated down to white 
TABLE  I. 
The  Co ~per Content of ltuman  Liver• 
9853 
9856 
9857 
9859 
9858 
9861 
9863 
9865 
9862 
9868 
9866 
9869 
9872 
An~psy  I  Age  number 
9828  42 
9838  70 
9845  37 
9847  53 
9849  73 
9851  40 
9852  9 
yrs 
52 
34 
41 
27 
25 
8 
44 
60 
30 
51 
59 
55 
25 
? 
41 
Sex 
M. 
M. 
F. 
M. 
M. 
M. 
M. 
M. 
F. 
M, 
F. 
F. 
F. 
M. 
F. 
F. 
M. 
M. 
F, 
F. 
M. 
M. 
Copper 
per kg. 
rag. 
7.14 
12.42 
3.86 
5.04 
6.36 
4.62 
3.92 
2.30 
4.66 
3.00 
2.40 
4.05 
4.76 
3.00 
4.50 
4.02 
7.16 
4.32 
3.40 
5.36 
3.74 
5.34 
Anatomic  diagnosis 
General arteriosclerosis; occlusion of coron- 
ary artery; infarct of heart 
Fibrosarcoma of pelvis 
Chronic nephritis 
Syphilitic aortitis 
General arteriosclerosis; aneurysm of aorta 
Syphilitic aortitis 
Confluent lobular pneumonia 
Lobar pneumonia; syphilitic aortitis 
Tuberculosis  of  lymph  glands,  appendix 
and peritoneum 
Subacute bacterial endocarditis 
Chronic myelocytic leucemia 
Radium poisoning; necrosis of jaw 
Typhoid fever 
Chronic nephritis 
Chronic cholecystitis; cholelithiasis 
Lobar pneumonia 
Carcinoma of transverse colon 
Acute  cholecystitls;  cholelithiasis;  hemor- 
rhagic pancreatitis 
Carcinoma of stomach 
Acute myelobiastic leucemia 
? 
Strychnine poisoning 
* Worker in brass foundry. 
*~' Copper miner. 
fumes after the addition of a  few cc. of concentrated  sulfuric acid.  The residue 
was dissolved in boiling water and the copper plated out on a  platinum  cone by 
means of an electric current.  When no more copper was deposited the cone was 8  EFFECTS  OF  COPPER  ON  LIVER 
removed and the copper dissolved off in a small amount of concentrated nitric acid. 
The cone was then returned to the original solution and the electroplating con- 
tinued for another 24 hours.  The solution containing the copper was evaporated 
down to about 0.2 cc. and made alkaline with ammonia.  From the depth of the 
blue color the amount of copper was estimated.  This result was checked by the 
thiosulfate  method,  0.005  normal  solution of  thiosulfate  being used  and  the 
standard procedure for the determination  of the amount of copper by this method 
being followed. 
Human  Livers.--Twenty  specimens  of  liver  were  obtained  from 
routine necropsies and were selected from those which were normal. 
In  addition,  two  other  specimens  were  examined  from  workers  in 
TABLE  II. 
Copper Content of the Liver of Various Animals. 
;oat. 
heep. 
,~ow. 
rabbit. 
;at.. 
;ryptobranch... 
Copper 
content per 
100 gm. 
of liver 
~t~g. 
15.6 
9.8 
2.60 
1.12 
9.20 
1.8 
Copper 
content per 
100 gin. 
of liver 
Grey rat.. 
White rat.. 
Gila monster. 
Guinea pig... 
Turtle. 
rag. 
3.3 
3.4 
1.75 
3.1 
5.26 
copper industries,  one in a  copper mine for more than  14 years,  the 
other in a brass foundry for several years. 
The copper content of the livers varied from 2.30 to  12.42  rag. per 
kilo, and it is interesting that the content of the livers from the workers 
in the copper industries was close to the minimum  (Table I). 
Animal Livers.--The copper content of the liver of various animals 
is shown in Table II. 
Experimental Effects  of Copper on Animals. 
The ordinary laboratory animals were used for the various experi- 
ments. 
For reasons which will become apparent later, it was desirable to control the 
diets.  In general the animals were maintained  upon diets recognized as adequate, 
but in certain experiments special diets were used.  The copper and its salts and 
the sodium acetate given to the animals were chemically pure products. I~REDERICK  B.  I~'LINN AND  WILLIA~f C.  VONGLAHN  9 
The specimens for histologic examination were fixed in 10 per cent formalin and 
in Zenker's fluid without  the  addition of acetic acid.  The  routine stains were 
hematoxylin and eosin; duplicate sections were prepared by the method of Mal- 
lory, Parker and Nye for demonstrating hemosiderin and hemofuscin. 
Guinea Pigs.--Animals weighing approximately 450 gm. were used.  A careful 
record was kept of the weight curve and a blood count was made at regular inter- 
vals.  The results of these counts will be reported by Flinn in another publication. 
The diet consisted of hay and oats daily,  supplemented with carrots and cab- 
bage on alternate days.  The animals gained in weight steadily on this diet.  It 
was found that guinea pigs ate sparingly of the carrots and, when given carrots 
exclusively, refused to eat. 
Ten guinea pigs were chosen for the experiment.  For the first 5 months they 
were given, daily, copper chloride equivalent to 0.20 mg.  of copper.  This was 
mixed with 120 mg. of lactose and packed into a gelatin capsule.  To insure that 
the animal received the specified dose, the capsule was placed in the pharynx and 
the jaws tightly closed until it had been swallowed. 
At the end of 5 months, the copper chloride was discontinued and 1 nag. of metal- 
lic copper substituted.  The copper was ground so finely that most of it would 
pass  through  silk  cloth.  It  had  been  previously  determined  that  copper  so 
finely ground was soluble in plasma, as much as 7.4 nag. being readily dissolved in 
100  cc. of plasma at the end of 24 hours, without  agitating the mixture.  The 
copper powder was mixed with lactose and given to the guinea pigs in capsules. 
This dosage was continued for 13 months and the animals then killed.  The total 
length of time of copper ingestion was 18 months. 
The results with guinea pigs were entirely negative.  Pigment had 
not been deposited in the liver nor any cirrhosis produced.  This find- 
ing is in accord with that of Huber.  Mallory, Parker and Nye found 
guinea pigs more resistant to the effects of copper than are rabbits. 
In a later publication Mallory (9)  states that guinea pigs seem to be 
almost or entirely immune to chronic copper poisoning. 
White Rats.--Eighteen  rats averaging 75 gin. each were selected for the first 
experiment.  They were placed upon a diet of mixed grains--wheat, oats and corn 
--and, in addition, were given powdered milk, with raw vegetables from time to 
time.  It had been found before beginning the experiment that rats of the size 
used drink an average of 10 cc. of water daily during the autumn, spring and winter 
months.  In smnmer their water consumption rises to 15 cc. per day.  The cop- 
per was  given as  the  chloride dissolved in the  drinking water.  To reduce loss 
from evaporation and spilling, the water was placed in an inverted burette with a 
very small opening at the bottom.  They readily drank from this.  Rats.  Nos. 
16 to 30, were given water containing the  equivalent of  1 rag. of copper in each 
10 cc. and Nos. 35  to 43,  2 mg. of  copper in each 10 cc.  The remaining rats, 10  EFFECTS  OF  COPPER  ON  LIVER 
Nos. 46 to 78, were allowed water containing 1 mg. of copper per 10 cc.  At the 
end of 6 months the copper content was  increased to 2 rag.  The number cf days 
the animals were allowed to live is shown in Table III. 
The amount of copper being excreted in urine and feces was determined for some 
of the animals.  During these tests the rats were kept in separate cages.  The 
individual average daily copper excretion of twelve rats over a period of 7 weeks 
was found to be 0.97 rag. in feces and 0.016 rag. in urine.  The livers of some were 
also analyzed for copper.  The results are given in Table III. 
A  second experiment was undertaken with seven rats from  the  same litter. 
They were given water containing the equivalent of 2 nag. of copper, as the chlo- 
TABLE  III. 
Rats. 
Copper in the  Number  Number of  Copper in the 
Number  Number of days  whole liver  days  whole liver 
16 
21 
25 
26 
28 
30 
35 
36 
39 
40 
43 
147 
154 
160 
161 
199 
240 
120 
120 
120 
120 
120 
r~g. 
0.1 
0.6 
0.34 
46 
54 
61 
63 
73 
76 
78 
192 
327 
351 
365 
426 
438 
469 
rag. 
0.26 
0.8 
0.29 
0.26 
ride, in each 10 cc.  The  experiment was  begun as  soon as  the  animals could 
drink water and was continued for 547 days.  At the end of the experiment they 
weighed from 112 to 130 gm. each. 
Only negative results were obtained with white rats.  No pigment 
had  been  deposited  in  the  livers,  neither  was  there  any  cirrhosis. 
These findings coincide with those of Drummond but are not in accord 
with those of Mallory and his coworkers, nor of Hall and Butt. 
Rabbits.--Thirty-four  full grown Belgian hares, weighing about  2  kilos  each, 
were divided into groups as enumerated below.  The length of time the animals 
were given copper or one of its compounds, and the copper content of many of the 
livers, are shown in the appropriate table.  They were fed upon a diet consisting  of 
hay and oats in unrestricted quantity, with carrots and cabbage on alternate days. FREDERICK  B. iVLIlqN AND  WILLIA~  C. VONGLAHN  11 
TABLE  IV. 
Rabbits.  Copper Chloride, 100  Mg. 
Daily. 
Number of  Copper content 
per 100 gm. 
Number  days  of fiver 
6 
7 
8 
9 
130 
207 
207 
207 
207 
mg. 
1.30 
2.85 
2.80 
1.74 
1.70 
TABLE  V. 
Rabbits.  Metallic Copper, 20  Mg. 
Daily. 
Numb~ 
2-88 
2-95 
2-91 
2-85 
Number of 
days 
257 
162 
269 
300 
Copper content 
per 100 gin. 
of  liver 
~g. 
10.24 
10.30 
2.10 
4.20 
TABLE  VI. 
Rabbits.  Metallic Copper, 134  Mg. 
Daily. 
Number  Number of  Copper content  per I00 gin. 
days  of  liver 
13 
17 
7O 
19 
71 
18 
30 
28 
15 
35 
103 
37 
~g. 
No assay 
No assay' 
20.74 
No assay 
36.4 
84.9 
TABLE  VIII. 
Rabbits.  21(etalllc Copper, 320  Mg. 
Daily. 
Number of 
Number  days 
14  44 
11  7 
12  14 
16  4O 
Copper content 
per I00 gin. 
of liver 
mg. 
38.90 
41.40 
40.10 
41.50 
TABLE  VII. 
Rabbits.  Metallic Copper, 50  Mg: 
Daily. 
Number  Number of  Copper content  per 100  gin. 
days  of  liver 
2-42  19  5.50 
2-59  142  4.05 
2-94  103  7.42 
TABLE  IX. 
Rabbits.  Copper Acetate, 100  gg. 
Daily. 
Number  Number of  Copper content  per 100 gin. 
days  of liver 
10 
1-70 
4-73 
2-25 
2-03 
248 
24 
36 
45 
283 
mg. 
1.68 
4.64 
0.60 
1.56 
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Rabbits. 
TABLE  X. 
Copper  Acetate,  100 
Daily. 
Mg.  Rabbits. 
Number  Number of  Copper content 
days  per 100 gm. 
of liver 
1-02 
1-05 
1-34 
1-99 
19 
69 
36 
69 
~g. 
9.20 
15.82 
3.78 
3.48 
TABLE  XI. 
Copper  Tartrate, 100  Mg. 
Daily. 
Number  Number of  Copper content 
days  per 100 gin. 
of liver 
2-54  94  2.97 
2-51  177  3.53 
2-52  177  4.32 
This will hereafter be referred to as the standard diet.  Metallic copper, in the 
finely ground form,  and copper chloride  were administered in gelatin capsules. 
Copper acetate and copper tartrate were mixed with a little chopped cabbage and 
the animals watched until the cabbage had been eaten.  The amount of copper or 
its compounds indicated below is the daily dose. 
Five rabbits.  Copper chloride,  100 rag. Standard diet.  Table IV. 
Four rabbits.  Metallic copper, 20 mg.  Standard diet.  Table V. 
Six rabbits.  Metallic copper, 134 nag.  Standard diet.  Table VI. 
Three rabbits.  Metallic copper, 50 nag.  Standard  diet.  Table 
Group 1. 
Group 2. 
Group 3. 
Group 4. 
VII. 
Group 5. 
VIII. 
Group 6. 
Four rabbits.  Metallic copper, 320 rag.  Standard  diet.  Table 
Five rabbits.  Copper acetate, 100 nag.  Standard diet.  Table IX. 
Group 7.  Four rabbits.  Copper acetate, 100 mg.  Standard diet.  Table X. 
Food was withheld from these animals for 4 hours, then the copper acetate 
was given in chopped cabbage.  It was hoped by this procedure to increase 
any effects of the copper.  All food was removed from the cages during the 
night. 
Group 8.  Three rabbits.  Copper tartrate,  100 rag.  Standard  diet.  Table 
XI. 
Results.--The  results on these various doses of copper or its  com- 
pounds  were  uniform  for  all  groups  of  rabbits.  The  histologic 
alterations  in the  livers of the  animals were  so alike that a  detailed 
description of each animal or group is unnecessary. 
The liver was always the  site of pigment  deposits  (Fig.  1).  The 
pigment occurred in fine refractile particles having a yellow or yellow- 
ish brown color.  Though most abundant in the cells about the portal 
areas it was without exception found in all of the parenchymal cells of FREDERICK  B.  FLINN  AND  WILLIA~  C.  VONGLAI-rN  13 
the lobule.  There was, however, no fixed relation between the amount 
of pigment  and  the  length of  time  the  copper  was  administered. 
Thus Rabbit 2-03 which had received 100 mg. of copper acetate daily 
for 283 days had less pigment than did Rabbit 2-25  of the same group 
treated for only 45 days.  Similar variations in the amount of pigment 
deposited were encountered in the  various  groups  and no difference 
could be detected a~regards the pigment deposition and the form in 
which the  copper had  been  given.  No  correlation  could be found 
between the amount of copper contained in the liver and the quantity 
of pigment deposited. 
Pigment was also present in the portal areas of seven of the animals 
and was  usually held within  phagocytes.  Occasionally connective 
tissue cells in the same region contained pigment.  In two of these 
seven animals a little of the pigment had been engulfed by the endo- 
thelial cells of the sinusoids. 
The problem of deciding whether the connective tissue of the portal 
areas was increased beyond normal limits presented difficulties.  Varia- 
tions in the amount of fibrous tissue in this region were noted in the 
same section and in the various animals receiving the same treatment. 
In some, the connective tissue was loosely arranged, in others, dense. 
In one animal, No. 1-70, Group 6, a single portal area was found with a 
few new bile ducts.  This animal had only had twenty-four doses of 
copper acetate.  The pigment in its liver was in moderate amount and 
none could be found in the portal areas or endothelial cells.  It  does 
not seem likely that the copper salt could have produced this effect in 
so short a time. 
In no single animal was the amount of connective tissue sufficiently 
increased or widespread to justify a  diagnosis of  cirrhosis.  Neither 
did any animal become jaundiced, nor was any bile stasis made out on 
histologic examination of the livers. 
Large  focal  necroses were encountered in  various  liver  sections. 
These could not be related to the ingestion of copper and are interpreted 
as due to  intercurrent infections.  Necrosis of individual liver cells 
could not be found. 
Staining  Reactions of the Pigment.--In hematoxylin-eosin prepara- 
tions the pigment remained unstained.  No staining of the pigment in 
frozen sections of formalin-fixed tissue could be discerned with osmic 14  EFFECTS  OF  COPPER  ON  LIVER 
acid, Scharlach R or Sudan III.  Nile-blue sulfate, saturated aqueous 
solution, colored the pigment greenish blue to deep blue.  Fat was not 
demonstrated in association with the pigment by any of these stains. 
With fuchsin, by the method described by Mallory, Parker and Nye, to 
demonstrate  hemosiderin  and  hemofuscin,  the  pigment  invariably 
stained  red or red with a  faintly yellow tint.  As a  control for this 
method the spleen and liver were embedded together and  the sections 
of the two organs were thus mounted on the same slide.  The  spleen 
always contained hemosiderin and this served to check the proper em- 
ployment of the method. 
TABLE  XII. 
Rabbits.  Sodium Acetate, 100 Mrg. Daily. 
Number  Number of days  Copper content per 100 gm. 
of liver 
1-98 
2-20 
1-41 
2-75 
2-28 
2-92 
1-97 
2-69 
2-36 
2-72 
180 
180 
180 
180 
180 
180 
180 
180 
151 
151 
mg. 
1.0 
0.34 
0.34 
0.34 
0.34 
0.68 
0.78 
0.54 
No assay 
No assay 
By referring to the various tables it will be noted that  there is no 
constant relation between the amount of copper contained in the liver 
and the type of copper given.  Variations in the quantity of copper in 
the organ are found within the same group as well as in the different 
groups.  The largest amounts of copper were held in the livers of those 
receiving metallic  copper  and  even in  these groups  there  is  a  wide 
variation between the amount ingested and the liver content. 
Effect of Sodium Acetate. 
It seemed of interest to determine whether  the  acid radicles in the 
copper salts were of importance in influencing the deposition of the 
pigment.  With this in view ten rabbits were given 100 rag. of sodium FREDERICK B. FLINN AND WILLIAM C. VONGLAHN  15 
acetate, daily, in chopped cabbage.  The animals were fed upon the 
standard diet (Table XII).  At the end of 5 months two of the rabbits 
were killed; the remaining eight were allowed to live a month longer. 
It was found on histologic examination of the livers that pigment had 
been deposited in the liver cells in amounts comparable with that in the 
animals receiving copper (Fig. 2).  In one, a fewof the endothelial cells 
of the sinusoids  contained pigment, and in four, pigment was present 
in phagocytes in the portal areas.  The pigment conformed  in staining 
reactions with that in the copper-fed animals.  It is needless to give a 
detailed description of the amount of connective tissue in the portal 
areas.  The findings were similar to those in  the  animals receiving 
copper.  The  amount of copper contained in the livers of  some of 
these rabbits is shown in Table XlI and these results may be taken 
as the amount which occurs in that organ when the animal is kept on 
the standard diet. 
This experiment made it obvious that  copper was not the agent 
causing  the pigment  deposition  in the various groups of rabbits to 
which it had been given. 
Effects  of Diel. 
The result obtained when sodium acetate was given to rabbits as 
outlined above showed the necessity of seeking other factors causing 
the pigment deposits, and also raised the question of possible  occur- 
rence of pigment in the liver cells before beginning any experiment. 
For a  source of pigment which might be deposited in the liver ceils 
without the intervention of the metal, one naturally turned to the diet. 
As all of the animals in the previous experiments had been fed the 
standard diet consisting of hay, oats, carrots and cabbage, carrots were 
selected as the most probable source of the pigment. 
To determine the amount of pigment which might be present in the 
liver before beginning some of the experiments, pieces of the organ were 
removed under  ether anesthesia  and  studied.  The  same  staining 
methods were employed as outlined previously. 
The Occurrence of Pigment in the Livers of Normal Rabbits. 
Eighteen rabbits were operated upon and specimens of liver removed 
for histologic examination.  These animals were then used for further 
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In each of the eighteen, pigment was found in the hepatic cells.  A 
few granules of pigment were present in seven of the specimens and in 
eight the liver cells contained pigment in small quantities.  In these 
fifteen rabbits the pigment was confined to  the  cells near the portal 
areas, and it is evidently in the cells of this zone that the deposition 
first takes place.  In three animals the pigment had been deposited in 
moderate  amount  ~nd  was more widely  distributed  throughout  the 
lobule.  This pigment stained as did the pigment in the livers of the 
copper-fed animals.  In three of the control animals a few portal areas 
had an  excess of cells with  fusiform nuclei,  a  change similar to  that 
seen in some of the animals after the ingestion of copper compounds and 
in the group given sodium acetate. 
Effect of Diet Consisting of Carrots Only. 
Ten full grown rabbits were placed upon a  diet  consisting of  unre- 
stricted  quantities of carrots only.  From none of these had pieces of 
liver  been  removed  before  the  diet  was  begun.  The animals were 
killed at varying intervals and pigment demonstrated in each liver. 
At the end of a week the pigment quantity did not exceed that seen in some of 
the control rabbits.  Mter 2 weeks the pigment was greatly increased and, in one 
case, was in excessive amounts, occurring also in some of the endothelial cells of 
the sinusoids as well as in phagocytes in the portal areas.  In another animal kept 
on the diet for 2 weeks the hepatic cells contained large amounts of the pigment. 
In the liver of the rabbit examined at the end of 3 weeks,  the hepatic cells con- 
tained pigment in large amounts but none could be discovered in either the sinus- 
oidal endothelial cells or the portal areas.  Of the three animals examined after 
4 weeks, one had an abundance of pigment in the liver cells only; in the other two 
pigment was present also in cells in many of the portal areas, while in one of these 
two, some of the sinusoidal  endothelial cells contained pigment (Fig. 3).  After 7 
weeks the pigment was not increased in the liver as compared with that found at 
4 weeks; some was present in cells in the portal areas.  In neither of the two re- 
maining animals killed after being on carrots for 15  and 19 weeks respectively, 
was the pigment as abundant as in those animals examined at the end of 4 weeks. 
However, it greatly exceeded in amount that which existed in the livers of any of 
the control animals.  Focal necroses  were found in three of the livers; these are 
not interpreted as a result of the accumulation of pigment in the ceUs. 
With three exceptions, the amount of pigment found in the liver was 
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These three exceptions were the animals which were continued longest 
on the diet.  No explanation could be discovered for this exceptional 
reaction.  The pigment conformed in its staining reactions with that 
in the livers of the rabbits given copper or its compounds or sodium 
acetate.  Identical variations in the quantity of connective tissue in 
the portal areas were found in this group as existed in the rabbits given 
copper or its salts.  A  detailed description would be but a  repetition 
of what has been said in that connection. 
Each  rabbit  consumed  an  average  of  360  gin.  of  carrots  daily. 
The copper content of the undried vegetable was found to be 1.30 mg. 
per kilo.  The individual animal would have ingested not more than 
0.50 mg. of copper daily and it is impossible to  attribute the  rapid 
deposition of pigment to so small amount of the metal. 
Further experiments will be undertaken to determine how long the 
pigment will remain in the liver and whether such pigment deposits 
may eventually lead to cirrhosis. 
The Effect  of Copper with  Carrot Diet. 
Another attempt  was  made  to  demonstrate  the  relation between 
copper and hepatic pigment deposition.  In the experiment just out- 
lined, a  diet of carrots was found to produce pigmentation of the liver. 
If copper were an  etiological factor in pigment  accumulation, then a 
combination of copper with carrot diet should produce even greater 
deposits. 
Accordingly three animals  were fed upon carrots and given 100 nag. of copper 
acetate daily.  Specimens of liver were removed before the experiment was begun. 
Each contained pigment in small amounts in the cells near the portal areas.  These 
animals are included among the eighteen normal rabbits.  At the end of 42 days, 
two of the rabbits were killed.  The pigment in the liver cells was definitely in- 
creased but no difference could be detected in the amount of connective tissue 
in the portal areas. 
The third animal was allowed to live for 88 days.  Pigment was more abundant 
than at the beginning  of the experiment.  No increase in the  connective tissue 
of the portal areas  had taken place.  In none of. these animals  did any of the 
endothelial cells of the sinusoids contain pigment, nor was any found in the portal 
areas.  The staining  reactions of this pigment were  identical in every respect 
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The pigmentation found in these animals did not equal that of one of 
the rabbits fed on carrots for 14 days, nor was it at all comparable to 
the deposition which occurred on carrot diet for 28 days.  The only 
explanation offered for this is a probable loss of appetite and a lessened 
ingestion of carrots. 
Results  on  a  Diet  of  Turnips. 
Ten full grown rabbits were operated upon and pieces  of  liver  re- 
moved for study.  These are included in the eighteen described above. 
Each of these ten had pigment in the liver cells, eight of them in small 
amounts and two in moderate quantities. 
Five of the animals were placed upon  a  diet of peeled yellow turnips only. 
Two died of diarrhea after 2 days and were discarded.  The other three animals 
also had diarrhea. 
One animal died at the end of 9 days.  The pigment in the liver cells was slightly 
but definitely  increased in amount.  Another died after 25 days.  As compared 
with that present in  the liver removed before the diet was begun, the pigment 
was increased but not markedly so.  A greater increase in the amount of pigment 
was found in the liver of the animal which died on the 27th day of the diet.  In 
none  of these  animals was pigment present  in  the  sinusoidal  endothelial  cells; 
nor in the portal areas. 
The other five rabbits were given a  diet of peeled white turnips exclusively. 
Pigment was found to be present in the livers of each of these five by removing a 
specimen before beginning the diet.  In four, the pigment was in small amounts; 
in the other, in moderate quantity. 
Four of the animals had diarrhea.  One died at the end of 9 days.  The pigment 
in the liver was not increased.  Another died after 13 days; the pigment in the 
liver cells  had  increased slightly.  In  the  animal  dying  on  the  17th  day,  the 
amount of pigment in the liver was definitely  greater than in the control section. 
In the liver of the animal which died on the 31st day, the pigment had increased 
in amount.  A few cells in one portal area contained some pigment.  At the end 
of 7 weeks, the remaining rabbit of the series was killed.  No change in the quan- 
tity of pigment could be detected. 
As determined by staining reactions,  this pigment was of the same nature as 
that found in the livers of the rabbits fed on carrots alone,  and in  those given 
copper or sodium acetate with the standard diet. 
The increase in pigment in the livers was not striking on the diets of 
white or yellow turnips; it did not exceed that found in the liver of the 
rabbit fed on carrots alone for 1 week, and was not nearly so abundant 
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DISCUSSION. 
From the foregoing experiments it is apparent that copper is not the 
cause of the pigment deposits in the liver of the rabbit, since the same 
change is produced when sodium acetate is given w{th the  standard 
diet.  Furthermore, when rabbits are fed on a  diet of  carrots  exclu- 
sively, the deposition of pigment occurs with greater rapidity than with 
copper or its compounds and the standard diet.  The changes resulting 
in the livers of the carrot-fed animals are identical in every way with 
those seen following large doses of copper and in  animals given com- 
parable doses of sodium acetate.  On a diet of peeled turnips, pigment 
is deposited in the liver of the rabbit though much more slowly than 
with carrots. 
In none of the rabbits given copper could a  definite cirrhosis be 
proven.  It is true that in some of the portal areas there appeared to be 
a  slight increase in the number of connective tissue cells.  This also 
was readily made out in the sodium acetate animals and in those on a 
diet of carrots.  The increase in the connective tissue was so slight 
that one would hesitate to make a diagnosis of cirrhosis or to conclude 
that this change had been experimentally produced, especially in view 
of the fact that an increase in the connective tissue in the liver occurs 
so frequently in supposedly normal rabbits (10).  Even if it might, in 
the opinion of some, be considered a  cirrhosis, its  occurrence in  the 
livers of the animal given sodium acetate as well as in those on a diet 
of carrots, would exclude copper as the etiological factor.  As to the 
manner in which the pigment reached the portal areas, nothing definite 
could be determined,  In this situation the pigment was more often in 
phagocytic cells, and only occasionally in the connective tissue ele- 
ments.  Necrosis of individual liver cells was carefully sought for, but 
could not be found. 
Regarding the nature of the pigment nothing definite can be said at 
the present time.  Concerning its source, the evidence indicates that it 
is of exogenous origin, for it is found in such great abundance in the 
rabbits fed upon carrots only, and in lesser amounts in those on a diet 
of turnips. 
CONCLUSIONS. 
From the above studies the following conclusions have been reached: 
1.  That copper or its compounds used does not cause the deposition 20  EFFECTS  OF COPPER  ON  LIVER 
of pigment in the livers of rabbits, guinea pigs or rats.  Neither does it 
produce a cirrhosis in these animals. 
2.  That spontaneous deposition of pigment occurs frequently in the 
livers of normal  .rabbits on the usual laboratory diet. 
3.  That the feeding of a diet of carrots exclusively will produce pig- 
ment deposition in the livers of rabbits, in every way identical with 
that ascribed to copper. 
4.  That the pigment deposited in the livers of rabbits is probably of 
exogenous origin. 
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EXPLANATION OF PLATE 1. 
FIG. I.  Rabbit 2-85.  Metallic  copper, 20 mg. daily for 300 days.  Pigment in 
liver cells and within phagocytes in portal area.  (Fuchsin stain.  ×  about 415.) 
FIG. 2.  Rabbit 2-36.  Sodium acetate,  100 rag. daily  for 151 days.  Pigment 
in liver cells.  (Fuchsin stain.  X about 415.) 
Fr~. 3.  Rabbit 3-56.  Diet of carrots only for 28 days.  Pigment in liver cells 
and within phagocytes in portal area.  (Fuchsin stain.  ×  about 415.) THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. XLIX.  PLATE1, 
(Flina and VonGlahn:  Effects of copper on liver.) 